A 64-year-old man presents to his internist for his annual examination. He has been in good general health, although he received a diagnosis of pneumonia 8 months ago, for which he was treated with a course of oral antibiotics. At this visit, he inquires about when he should receive the "pneumonia shot" and whether other vaccinations are recommended. Should he receive the varicella-zoster vaccine?
common neuronal sites involved; these dermatomes are also the most common sites of cutaneous herpes zoster. 3 Latent VZV DNA is extrachromosomal, but the overall viral burden in ganglionic cells is low.
As shown in Figure 3 , the decline in cell-mediated immunity over time as people age confers a predisposition to the occurrence of herpes zoster in older adults. 4, 7, [20] [21] [22] [23] [24] [25] [26] Second episodes of herpes zoster in immunocompetent people are uncommon, probably because of the immunologic "boosting" effect of the first zoster episode. 4, 6, 7, 27 During reactivation of VZV, the sensory ganglia are sites of viral replication, with subsequent destruction of neurons and satellite cells. 11 This neurologic damage begins before the dermatomal rash of herpes zoster appears. 19 Before the appearance of the zoster rash, VZV travels along the affected sensory nerves to the skin (Fig. 2) , evading both innate and adaptive host immune responses to spread from cell to cell and ultimately produce the unilateral, vesicular dermatomal rash that is characteristic of zoster.
The histologic changes in the skin lesions are similar to those of varicella. Multinucleated giant cells and intranuclear inclusions are present in the skin, and a mononuclear inflammatory infiltrate occurs in the dorsal-root ganglion of the affected dermatome. Necrosis of ganglion cells and demyelination of the corresponding axon occur. 28, 29 The VZV vaccine, originally developed and licensed as the "chickenpox vaccine" to prevent varicella, is a live attenuated vaccine that is effective in preventing primary infection with wildtype VZV. However, initial studies suggested that to elicit a significant and durable increase in cellmediated immunity in older adults, a higher titer of live attenuated virus would be required, 30 probably because of the decreased responsiveness of older people to vaccination in general. As a result, a new VZV vaccine (Zostavax, Merck) was developed specifically for protection against herpes zoster. The commercially available zoster vaccine contains a minimum of 19,400 plaque-forming units per dose. 31 In contrast, the minimum levels of VZV in the commercially available chickenpox vaccines are either 9772 plaque-forming units per dose (in the quadrivalent measles, mumps, rubella, and varicella vaccine [ProQuad, Merck] ) 32 or 1350 plaque-forming units per dose (in the monovalent varicella vaccine [Varivax, Merck] ). 33 The preventive effect of the zoster vaccine is thought to be a consequence of its boosting effect on an older person's cell-mediated immunity to VZV, 34 mimicking the immunologic benefits of the exposure of a VZV-immune adult to chickenpox. This pharmacologic boost increases cellmediated immunity to a new set point above the "immunologic threshold" below which a person is at risk for zoster (Fig. 3 ).
Cl inic a l E v idence
Several small clinical studies have shown that immunization with a varicella vaccine boosts waning cell-mediated immunity in older adults. [35] [36] [37] A large efficacy study by the Shingles Prevention Study Group evaluated the high-titer, live attenuated zoster vaccine. 10 A total of 38,546 subjects 60 years of age or older were enrolled and followed for a mean period of 3 years. The subjects were stratified according to age at enrollment (60 to 69 years or ≥70 years). More than 95% of the subjects were followed until completion of the study. The incidence of herpes zoster was 51% lower in the group of subjects who received the vaccine than in the group of subjects who received placebo (5.4 cases per 1000 person-years vs. 11.1 cases per 1000 person-years, P<0.001). Vaccine-strain DNA was not detected in any of the subjects with zoster. The incidence of postherpetic neuralgia was 67% lower among subjects who received the vaccine than among those who received placebo (0.5 case per 1000 person-years vs. 1.4 cases per 1000 person-years, P<0.001). The median duration of pain among subjects in whom herpes zoster developed was shorter in the vaccine group than in the placebo group (21 days vs. 24 days, P = 0.03), and the degree of pain also was lower among the vaccine recipients (P = 0.008).
The vaccine was more efficacious in preventing herpes zoster among persons who were 60 to 69 years of age than among those who were 70 years or older. However, it prevented postherpetic neuralgia to a greater extent among those who were 70 years or older than among those who were 60 to 69 years old.
Cl inic a l Use
On May 25, 2006, the Food and Drug Administration licensed the zoster vaccine for the prevention of herpes zoster in persons 60 years of age or older. 10,31 It is not indicated for the treatment of herpes zoster or postherpetic neuralgia.
The zoster vaccine should not be administered to persons with a history of anaphylactic or anaphylactoid reactions to gelatin, neomycin, or any other vaccine component. People with a history of primary or acquired immunodeficiency conditions or those receiving immunosuppressive therapy, including corticosteroids, should not receive the vaccine. Zoster vaccination is also contraindicated in people with active, untreated tuberculosis and in pregnant women.
There are no alternatives to the zoster vaccine for prophylaxis. The other available varicellacontaining vaccines, Varivax and ProQuad, contain significantly lower titers of live attenuated virus and therefore are of insufficient potency to elicit an increase in cell-mediated immunity to VZV in older adults. These vaccines should not be administered to older adults to prevent herpes zoster or postherpetic neuralgia.
Antiviral therapy decreases "zoster-associated pain" (the continuum of pain measured from its onset to final resolution, including postherpetic neuralgia), 38 but it does not prevent the development of postherpetic neuralgia. 1,20 Opioids, tricyclic antidepressants, and gabapentin have been shown to have limited effectiveness in reducing the severity or duration of postherpetic neuralgia, 39-43 with variable and frequently inadequate results clinically.
The zoster vaccine, which is frozen for storage, is administered subcutaneously as a single 0.65-ml dose. To minimize the loss of potency, it should be administered immediately after reconstitution with the supplied diluent; if not used within 30 minutes after reconstitution, the vaccine should be discarded. There are insufficient data to suggest that repeated administration of the zoster vaccine is safe or confers an additional benefit.
On the basis of a cost of $150 for the singleshot vaccine, a preliminary Centers for Disease Control and Prevention (CDC) analysis has shown that the estimated "societal perspective" cost per quality-adjusted life-year ranges from $14,877 to $34,852. Approximately 17 people would need to be vaccinated in order to prevent one case of herpes zoster, and approximately 31 would need to be vaccinated in order to prevent one case of postherpetic neuralgia. 8 The cost per case of herpes zoster prevented is estimated to be $3,330, and the cost per case of postherpetic neuralgia prevented is estimated to be $6,405. 8
A dv er se Effec t s
Most of the information regarding the adverse effects of the zoster vaccine comes from the Shingles Prevention Study. 10 Within the first 42 days after vaccination, varicella-like rashes at the injection site were more likely to develop in vaccine recipients than in placebo recipients (0.1% vs. 0.04%, P<0.05). Other symptoms and signs at the site of injection that occurred more frequently in the first 42 days in vaccine recipients than in placebo recipients included erythema (36% vs. 7%), localized pain or tenderness (35% vs. 9%), swelling (26% vs. 5%), and pruritus (7% vs. 1%) (P<0.05 for all four comparisons). The number and types of serious adverse events in the first 42 days were similar between the two groups. According to the package insert, cardiac events occurred more often among the vaccine recipients than among the placebo recipients in the Shingles Prevention Study (0.6% vs. 0.4%) 31 ; whether this increased occurrence was due to the zoster vaccine and, if so, the reason or reasons for it are not known.
Since the zoster vaccine has been clinically available for less than 1 year, the potential risk of rare adverse events is unknown. The longer experience with the pediatric varicella vaccine (more than 10 years) suggests that this risk may be small, although the potency of the zoster vaccine is higher and the target population is quite different.
A r e a s of Uncer ta in t y
There are several areas of uncertainty. First, ongoing analyses of cost-effectiveness probably will influence recommendations for zoster immunization for people 60 years of age or older. Second, it is unclear whether people 50 to 59 years of age should receive the vaccine. This would be an off-label use of the product. An argument for such use is the fact that the burden of herpes zoster in this population is substantial, since the incidence of zoster increases among people 50 years of age or older. Furthermore, the efficacy of the vaccine against herpes zoster is higher among persons 60 to 69 years of age than among those 70 years or older, suggesting that it may be more immunogenic in people 50 to 59 years of age as well. However, no efficacy data are available for this population, and the available immunogenicity data are based only on small numbers of people in this age group.
Third, wild-type VZV infections are declining Varicella is the primary infection caused by VZV, and its resolution is associated with the induction of VZV-specific memory T cells (blue line). Memory immunity to VZV may be boosted periodically by exposure to varicella or silent reactivation from latency (red peaks). VZV-specific memory T cells decline with age. The decline below a threshold (dashed green line) correlates with an increased risk of zoster. The occurrence of zoster, in turn, is associated with an increase in VZV-specific T cells. The administration of zoster vaccine to older persons may prevent VZV-specific T cells from dropping below the threshold for the occurrence of zoster (dashed blue line as a result of universal vaccination in childhood, including a second dose of vaccine at 4 to 6 years of age, as recommended recently by the CDC Advisory Committee on Immunization Practices (ACIP) and by the Committee on Infectious Diseases of the American Academy of Pediatrics. 44, 45 As a consequence, the likelihood that older people will be "boosted" by exposure to a child with chickenpox is declining. The effect that this shift in the epidemiology of VZV will have at a time when older people are also receiving the zoster vaccine will require careful postlicensure monitoring over a period of many years. Questions to be answered include the incidence of herpes zoster over time and the longevity of protection conferred by the one dose of the zoster vaccine currently indicated. As these questions are being investigated, persons who have previously received Varivax or ProQuad should be considered to be candidates for zoster vaccination as they grow older, unless there is an applicable precaution or contraindication. Fourth, the zoster vaccine is not licensed for use in immunocompromised people. However, this population is at especially high risk for the development of herpes zoster. This group includes people who are mildly immunosuppressed, such as people with diabetes and people receiving lowdose corticosteroids, tumor-necrosis-factor blockers, and other immunomodulatory drugs. In addition, the safety and efficacy of the vaccine have not been established in immunocompetent people for whom immunosuppressive therapy is anticipated and who will therefore be at at high risk for herpes zoster. This group includes patients who are awaiting organ transplantation, patients with early-stage HIV infection who are asymptomatic, and patients who will be receiving chemotherapy for cancer or immunosuppressive therapy for rheumatoid arthritis, lupus, or other autoimmune diseases.
Finally, the efficacy of the vaccine in people who have had a previous episode of herpes zoster is unknown, since this population was excluded from the large zoster vaccine trial.
Guidel ine s
In October 2006, the ACIP voted to recommend a single dose of zoster vaccine for adults 60 years of age or older, whether or not they have had a previous episode of herpes zoster. 46 Furthermore, persons with chronic medical conditions may be vaccinated unless there is an applicable precaution or contraindication. Because virtually all adults 60 years of age or older will have had clinical or subclinical primary VZV infection (chickenpox), 3 it is not necessary to determine whether there is a history of chickenpox for routine vaccination of people in this age group.
R ec om mendat ions
The patient described in the vignette is a healthy, immunocompetent person who is 60 years of age or older and is therefore an appropriate candidate for immunization with the zoster vaccine. We recommend that the vaccine be universally administered to such persons, provided there is no contraindication. We do not recommend routine vaccination of people 50 to 59 years of age because of the lack of efficacy data and cost-effectiveness information for this population. Dr. Whitley reports chairing the data and safety monitoring board for the Shingles Prevention Study, serving on the Gilead Sciences Scientific Advisory Board, and receiving speaking fees from Novartis and GlaxoSmithKline. Dr. Kimberlin reports serving as the liaison from the Committee on Infectious Diseases of the American Academy of Pediatrics to the CDC ACIP. No other potential conflict of interest relevant to this article was reported.
We dedicate this review to Stephen Straus, M.D. Dr. Straus's career achievements in herpes virology in general and in VZV in particular have been seminal to advancing our understanding of disease pathogenesis, treatment, and prevention.
